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ESD IMPLANT FOLLOWING SPACER DEPOSITION 

5 Field of the Invention 

The present invention generally relates to semiconductor devices and, more 
particularly, relates to electrostatic discharge protection transistors for integrated 
circuits. 

10 Background of the Invention 

Electro-static discharge (ESD) or electrical overstress (EOS) is a significant 
problem in integrated circuit design, especially for devices with high pin counts and 
circuit speeds. ESD refers to the phenomena wherein a high energy electrical 
discharge of current is produced at the input and/or output nodes of an integrated 
15 circuit (IC) device as a consequence of static charge build-up on the IC package. The 

static charge build up can result from handling of the IC device by a human body or 
from handling by IC device manufacturing equipment. Electrostatic discharge has the 
potential to disable or destroy an entire device, at worst, and to decrease the device's 
reliability at best. 

20 In general, smaller scale metal oxide semiconductor (MOS) devices with 

thinner gate oxides are more sensitive to ESD than larger scale devices with thicker 
oxides. For MOS devices having 1 micron or smaller geometries, discharges of 
approximately 1.5 amperes can damage or even destroy gates if adequate ESD 
protection is not provided. Modem flash memory devices with small cell sizes, 

25 including traditional floating gate and SONOS memory devices, are highly vulnerable 

to ESD and require sensitive and fast acting ESD protection circuits. 

A variety of ESD protection circuits are available. These circuits can be based 
on small diodes, Zener diodes, bipolar junction transistors, and/or field effect 
transistors (FETs). The circuits can be connected between input or output pins and 

30 Vcc or Vss power supply pins. Power supply clamps, such as VccA^ss clamp 

structures, are also available. However, there remains an unsatisfied need for more 
sensitive and faster responding ESD circuits. 
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Summary of the Invention 

The following presents a simplified summary of the invention in order to 
provide a basic understanding of some of its aspects. This summary is not an 
extensive overview of the invention and is intended neither to identify key or critical 
elements of the invention nor to delineate its scope. The sole purpose of this summary 
is to present some concepts of the invention in a simplified form as a prelude to the 
more detailed description that is presented later. 

One aspect of the present invention provides a process for forming IC devices 
with ESD protection transistors. According to one aspect of the invention, an ESD 
protection transistor is provided with a light doping and then, after forming spacers, a 
heavy doping. The heavy doping with spacers in place can lower the sheet resistance, 
enhance the bipolar effect for the transistor, reduce the transistor's capacitance, and 
reduce the junction breakdown voltage, all without causing short channel effects. The 
invention thereby provides ESD protection transistors that are compact, highly 
sensitive, and fast-switching. The spacers can be formed at the same time as spacers 
for other transistors, such as other transistors in a peripheral region of the device. 
According to another aspect of the invention, the number of processing steps is 
reduced by providing the heavy ESD protection transistor implant without masking 
other transistors of the same type (n-channel or p-channel). 

Other advantages and novel features of the invention will become apparent 
from the following detailed description of the invention and the accompanying 
drawings. The detailed description and drawings provide certain illustrative examples 
of the invention. These examples are indicative of but a few of the various ways in 
which the principles of the invention can be employed. 

Brief Description of the Drawings 

Fig. 1 is a schematic illustration of an integrated circuit with an ESD 
protection transistor according to one aspect of the present invention. 

Fig. 2 illustrates a flow chart of a process according to another aspect of the 
present invention. 

Fig. 3 is a schematic illustration of a gate stack for ESD protection transistors. 
Fig, 4 is a schematic illustration of the gate stack of Figure 3 after patterning to 
form a transistor. 



Fig. 5 is a schematic illustration of the transistor of Figure 4 after LDD doping 
and depositing a spacer material. 

Fig. 6 is a schematic illustration of the transistor of Figure 4 after the spacer 
material has been etched. 

Fig. 7 is a schematic illustration of the transistor of Figure 4 after a heavy 
dopant implant. 

Detailed Description of the Invention 

The present invention involves a process for fabricating IC devices. The IC 
devices typically include core and peripheral regions. For example, the IC devices can 
be non-volatile memory devices with core memory cells and peripheral region gates 
for selectively addressing the core memory cells. The IC devices include ESD 
protection and other transistors. The ESD protection transistors are MOSFETs with 
source and drain regions that include lightly doped regions immediately adjacent the 
channel and heavily doped regions spaced apart from the channel. The heavily doped 
regions can be spaced apart from the channel by employing spacers formed 
simultaneously with spacers used in doping source and drain regions of other 
MOSFETs of the IC device. The heavily doped regions around the ESD protection 
transistors can be employed to lower sheet resistance, lower junction break down, 
and/or increase the bipolar effect, without causing short channel effects. 

The IC devices can be, for example, memory devices or logic devices. 
Memory devices can be, for example, electrically erasable programmable memory 
devices, such as flash memory devices. Flash memory devices can have floating gates 
or can be of SONOS type. The memory structure can be NAND or NOR and can be a 
virtual ground array with buried bit lines. The invention is particularly well suited for 
use in manufacturing very small scale MOS devices, such as the foregoing non- 
volatile memory devices, with ESD protection. 

The present invention is now described with reference to the figures, wherein 
like features are referred to with like numbers throughout. Figure 1 schematically 
illustrates a portion of the peripheral region of an IC device 100 according to one 
aspect of the present invention. IC device 100 comprises isolation regions 126, 
transistor 106, and ESD protection transistor 1 12 on substrate 102. Substrate 102 
comprises a semiconductor such as Si, GaAs, or InP. For example, the substrate can 



be a silicon wafer or silicon on insulator (SOI). The semiconductor can be doped n- 
type or p-type. The doping can include multiple layers or wells. 

Transistor 106 includes an insulating layer 1 10, which is generally an oxide, 
and a poly layer 108. A poly layer is a layer containing amorphous silicon or 
polysilicon. Source and drain regions adjacent transistor 106 include lightly doped 
regions 120 and heavily doped regions 118. Transistor 106 can be n-channel or p- 
channel. IC device 100 may have both n-channel and p-channel transistors. 

ESD protection transistor 112 includes an insulating layer 116, which is 
generally an oxide, and a poly layer 1 14. Poly layers 108 and 1 14 are generally 
formed at the same time. On the other hand, insulating layers 1 10 and 116 often have 
different thicknesses. In one aspect of the invention, the thicknesses of insulating 
layer 1 16 is in the range from about 30 to about 500 A. In another aspect of the 
invention, the thicknesses of insulating layer 1 16 is in the range from about 50 to 

o 

about 120 A. In a fiirther aspect of the invention, the thicknesses of insulating layer 
1 1 6 is in the range from about 60 to about 1 00 A. 

Source and drain regions adjacent ESD protection transistor 1 12 include 
lightly doped (LDD) regions 124 and heavily doped regions 122. Symmetric source 
and drain regions are illustrated, however, the invention extends to devices having 
ESD protection transistors with asymmetric source and drain regions, ESD protection 
transistor 1 12 is generally a p-channel transistor, but it can also be n-channel. 

There are generally differences in the dopant concentrations among ESD 
protection transistor 1 12 and other transistors of IC device 100, such as transistor 106, 
particularly with respect to the dopant concentrations of heavy doped regions adjacent 
the transistors. However, the spacing of the heavily doped regions from the channels 
of the transistors generally provides evidence that heavy doping took place with 
spacers in place and that the spacers for the different types of transistors were formed 
simultaneously. 

The channel length of ESD protection transistor 1 12 can be relatively small, 
hi one aspect of the invention, the channel length is less than or equal to about 1 ,0 \xm. 
In another aspect of the invention, the channel length is less than or equal to about 
0.25 \Lm, In a further aspect of the invention, the channel length is less than or equal 
to than about 0. 1 5 jim. 



Substrate 102, at least in the channel region of ESD device 1 12, is generally 
implanted to set the threshold voltage (V^). The implant can be light (n- or p-) or 
heavy (n+ or p+). Examples of suitable dopants include one or more of arsenic, 
boron, and phosphorus. The doping can involve several layers or wells. Generally, 
the uppermost well is p-type. 

LDD regions 124 are generally doped n-type, with arsenic or phosphorus, for 
example. In one aspect of the invention, LDD regions 124 are doped to a 
concentration of about 1x10^^ to about 5x10^^ atoms per cm^ hi another aspect of the 
invention, LDD regions 124 are doped to a concentration of about 3x10^^ to about 
1x10^^ atoms per cm^ In a further aspect of the invention, LDD regions 124 are 
doped to a concentration of about 1x10^^ to about 5x10^^ atoms per cm^ 

Heavily doped regions 122 are generally doped n-type as well. In one aspect 
of the invention, heavily doped regions 122 are doped to a concentration of about 
1x10^^ to about 1x10^^ atoms per cm\ In another aspect of the invention, heavily 
doped regions 122 are doped to a concentration of about 1x10^^ to about 3x10^^ atoms 
per cml In a further aspect of the invention, heavily doped regions 122 are doped to a 
concentration of about 5x10'^ to about 1x10^^ atoms per cm^ 

During an ESD event, a large current flows through IC device 100. When the 
voltage applied to the drain of ESD device 112 exceeds a critical value, current flows 
through ESD device 1 12, at first by avalanche breakdown. Subsequently, the 
mechanism shifts to low impedance bipolar operation, whereby a large current can 
flow with a low voltage. 

Figure 2 provides a flow chart showing certain actions in a process 200 in 
accordance with another aspect of the invention, which can be employed to produce 
IC device 100. Act 202 is forming isolation regions. These isolation regions include 
a dielectric material, usually an oxide, and are generally distributed in a grid pattern 
across the semiconductor substrate. In one aspect of the invention, the isolation 
regions are from about 50 nm to about 5000 nm thick. In another aspect of the 
invention, the isolation regions are from about 100 nm to about 1000 nm thick. In a 
further aspect of the invention, the isolation regions are from about 250 nm to about 
650 nm thick. 

The isolation regions can be formed by any suitable method, including 
LOCOS (local oxidation of silicon) and STI (shallow trench isolation) processes. In 



both processes, the substrate is first masked leaving only the future sites for the 
isolation regions exposed. In the LOCOS process, the substrate is heated in the 
presence of an oxidizing gas, such as air, whereby oxide grows on the exposed 
regions. In the STI process, the exposed substrate is etched away, forming trenches. 
The trenches are then filled with a dielectric material such as an oxide and/or a nitride. 
For example, the trenches may be filled by CVD depositing tetraethyl orthosilicate 
(TEOS). There generally follows an etching step where the surface is planarized, 
whereby dielectric outside the trenches is removed. A LOCOS process can also be 
combined with an STI process to form trenches coated with oxide. 

Act 204 is implanting channel regions for ESD protection transistors to set the 
threshold voltage (V^^). Channel regions for other transistors can also be implanted at 
this time. The channel regions of the ESD protection transistors can be doped lightly 
(n- or P-) or heavily (n+ or p+). Examples of suitable dopants include one or more of 
arsenic, boron, and phosphorus. The doping can comprise several layers or wells. 
Generally, the uppermost well is made p-type. For example, boron can be implanted 
to a dosage of about 1 x 10^' atoms per cm^ to about 1x10^^ atoms per cml The 
implant can be carried out with an energy of about 10 kev to about 300 keV. In one 
aspect of the invention, the channel regions are doped to a concentration of about 
1x10^^ to about 1x10^^ atoms per cml In another aspect of the invention, the channel 
regions are doped to a concentration of about 1x10^^ to about 3x10^^ atoms per cm\ 
In a fiirther aspect of the invention, the channel regions are doped to a concentration 
of about 5x10^^ to about 1x10^^ atoms per cm\ 

Subsequently, transistor gate stacks are formed. These include ESD and non- 
ESD protection transistor gate stacks. Figure 3 illustrates an ESD protection transistor 
gate stack, which includes gate oxide layer 304 and poly layer 306 formed over 
semiconductor substrate 302. Gate stacks in the core generally have thinner gate 
oxides than gate stacks in the peripheral region. Aside fi-om gate oxide layer 304, two 
oxide thicknesses are often employed in the periphery, one for low voltage gates and 
another for high voltage gates. For example, the peripheral region can comprise low 
voltage gates with gate oxides fi-om about 50 A to about 150 A thick and high voltage 
gates with gate oxides from about 150 A to about 400 A thick. All gate oxides are 
typically grown in part at the same time. Additional oxidation steps are employed 
where greater thickness of gate oxide is required. 



Gate oxides can be formed by any suitable processes including chemical vapor 
deposition (CVD), dry oxidation, wet oxidation, or thermal oxidation. For example, 
the gate oxide layer 304 can be formed by dry oxidation at temperatures over about 
900 °C in an atmosphere comprising oxygen, HCl and argon. 

The poly layer 306 contains amorphous silicon or polysilicon. Poly layer 306 
can be shared by all transistors in the periphery. In one aspect of the invention, the 
poly layer has a thickness from about 500 A to about 6,000 A. In another aspect of 
the invention, the poly layer has a thickness from about 750 A to about 3,000 A. In a 
further aspect of the invention, the poly layer has a thickness from about 1 ,000 A to 

o 

about 2,000 A. The poly layer can be formed by any suitable means. For example, an 
amorphous silicon layer can be deposited via CVD at 530 °C and 400 mTorr with a 
gas containing SiH4 and helium. 

Where the core region contains memory cells, a memory cell stack in the core 
region can be formed around the same time as gate stacks for ESD protection 
transistors and other transistors of the peripheral region. The memory cell stack can 
be a conventional floating gate stack, including a gate oxide, a polysilicon or 
amorphous silicon floating gate, a multi-layer dielectric, and a poly layer. 

The memory cell stack can also be a SONOS type memory cell stack. A 
SONOS memory cell stack includes a charge trapping dielectric under a poly layer. 
The charge trapping dielectric can be any layer or layers that are capable of, or 
facilitate, electron trapping. For example, charge trapping dielectrics include an ONO 
trilayer dielectric, an oxide/nitride bilayer dielectric, a nitride/oxide bilayer dielectric, 
an oxide/tantalum oxide bilayer dielectric (Si02/Ta205), an oxide/tantalum 
oxide/oxide trilayer dielectric (Si02/Ta205 /Si02), an oxide/strontium titanate bilayer 
dielectric (Si02/SrTi03), an oxide/barium strontium titanate bilayer dielectric 
(Si02/BaSrTi02), an oxide/strontium titanate/oxide trilayer dielectric 
(Si02/SrTi03/Si02), an oxide/strontium titanate/barium strontium titanate trilayer 
dielectric (Si02/SrTi03/BaSrTi02), and the like (in each case, the first layer mentioned 
is the bottom layer while the last layer mentioned is the top layer). Although the term 
SONOS is suggestive of an ONO layer, as used herein the term encompasses 
nonvolatile memory devices containing any of the charge trapping dielectrics 
described above. In other words, a SONOS type nonvolatile memory device contains 
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any dielectric layer or layers that are capable of or facilitate electron trapping, and 
does not require an ONO charge trapping dielectric. 

Where the charge trapping dielectric is an ONO dielectric, one or both of the 
silicon dioxide layers can be a silicon-rich silicon dioxide layer. One or both of the 
silicon dioxide layers can also be an oxygen-rich silicon dioxide layer. One or both of 
the silicon dioxide layers can be a thermally grown or a deposited oxide. One or both 
of the silicon dioxide layers can be nitrided oxide layers. A nitride layer can be a 
silicon-rich silicon nitride layer or a silicon nitride containing oxygen. The nitride can 
also be a nitrogen-rich silicon nitride layer. 

The ESD protection transistors are formed in act 208 by patterning layers 304 
and 306. A patterned ESD protection transistor 308 is illustrated in Figure 4. Other 
IC device components can also be patterned at this time. Patterning can be carried out 
with any suitable method, including, for example, a lithographic process. 

In the case of a memory device, patterning is also employed to divide the poly 
layer of the core region into word lines. Source/drain regions, forming buried bit 
lines, can occupy spaces between word lines in the finished device. In one aspect of 
the invention, the spacing between word lines, except where contacts are placed, is 
from about 0.15 jLim to about 1.5 ^m. In another aspect of the invention, spacing 
between word lines is from about 0.18 jiim to about 1 ^m. In a further aspect of the 
invention, the spacing between word lines from about 0.2 p,m to about 0.75 ^m. The 
widths of the word lines are comparable to the spaces between word lines. 

Act 210 involves one or more LDD doping processes, which are applied at 
least in the periphery and to at least the ESD protection transistors. Figure 4 
illustrates an LDD doping process, which results in lightly doped regions 3 10 as 
illustrated in Figure 5. During this process, other transistors or sections of the device 
can be masked, if necessary or desired. There can be several LDD doping steps, 
wherein n-channel and p-channel transistors are masked and implanted separately. 
Act 210 provides an implantation for ESD protection transistors at a dosage, for 
example, of about 1x10^^ atoms/cm^ to about 1x10^^ atoms/cm^ at an energy of 
about 20 keV to about 80 keV. Suitable dopants can include, for example, arsenic, 
boron, or phosphorus. 

Act 212 is depositing a spacer material, such as the coating of spacer material 
312 over device 308 illustrated in Figure 5. Any suitable material can be used, 
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including a nitride and/or an oxide, for example. An oxide layer can be formed by 
depositing than oxidizing TEOS. Using CVD techniques, a nitride layer can also be 
deposited. The spacer material is deposited at least over the ESD protection 
transistors, and generally over other transistors as well. 

The spacer material is etched in act 214. Any suitable etching process can be 
used that leaves a comparatively thick layer of spacer material to the sides of the ESD 
protection transistors. The etching is usually an anisotropic etching process, such as 
reactive ion etching. Choice of a suitable process and reagents depends on the spacer 
material. Reactive ion etching of an oxide spacer can be carried out with CF4, for 
example. Figure 6 illustrates spacers 312 formed by anisotropically etching spacer 
material 312. 

Act 216 is heavily doping source and drain regions for ESD protection 
transistors, as illustrated in Figure 6. The spacers limit doping immediately adjacent 
the ESD protection transistors, whereby the resulting heavily doped regions 314 are 
spaced apart from the channel region of ESD protection transistor 308, as illustrated in 
Figure 7. In one aspect of the invention, the dopants are implanted to a dosage from 
about 1x10^^ to about 1 x 10^^ atoms/cm^. In another aspect of the invention, the 
dopants are implanted to a dosage from about 5 x 10^^ to about 7 x 10^^ atoms/cm^. In 
a further aspect of the invention, the dopants are implanted to a dosage from about 1 x 
10^^ to about 5 x 10^^ atoms/cm^. Suitable energies are, for example, in the range 
from about 60 keV to about 100 keV. 

Transistors other than ESD protection transistors may or may not be masked 
during the act 216. In one aspect of the invention, however, non-ESD protection 
transistors of the same type (n-channel or p-channel) as the ESD protection transistors 
are unmasked during act 216. The spacers prevent the heavy doping from causing a 
short channel effect in the non-ESD protection transistors. 

Further processing is performed to complete the fabrication of the IC device. 
Although the invention has been shown and described with respect to a certain 
preferred embodiment or embodiments, it is obvious that equivalent alterations and 
modifications will occur to those skilled in the art upon the reading and understanding 
of this specification and the annexed drawings. In particular regard to the various 
functions performed by the above described components (assemblies, devices, 
circuits, etc.), the terms (including any reference to a '"means") used to describe such 



components are intended to correspond, unless otherwise indicated, to any component 
which performs the specified function of the described component (i.e., that is 
ftinctionally equivalent), even though not structurally equivalent to the disclosed 
structure which performs the function in the herein illustrated exemplary 
embodiments of the invention. In addition, while a particular feature of the invention 
may have been disclosed with respect to only one of several embodiments, such 
feature may be combined with one or more other features of the other embodiments as 
may be desired and advantageous for any given or particular application 
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